Abstract: Sustainable green technology is an important contributor to creating a sustainable society by simultaneously promoting environmental conservation and economic development. This study examines the determinants of sustainable green technology invention in China, with a focus on the differences in green technology development priorities in each five-year plan period. This study uses patent publication data in a patent decomposition analysis framework. We find that sustainable green patent publications increased due to efficiency improvements, the prioritization of sustainable green patents, an increased R&D expenditure share and economic growth, especially during periods of gradual economic development in China.
Introduction
Sustainable green technology (hereafter, green technology) is important to control pollutant emissions effectively and economically (UNCTAD, 2018) . Green technology contributes to balancing environmental conservation and economic development, which is a key relationship for the creation of a sustainable society (Sun et al., 2008) . The importance of green technology has increased worldwide, especially in China.
According to Li (2017) , the Chinese government is working toward 'Made-in-China 2025' to promote industrial capability due to innovation-driven manufacturing, industrial optimization, quality improvements, and green development. The green line in Figure 1 shows the share of green patent publications to the total number of patent publications. This share decreased from 1996 to 1997 and gradually increased from 4.5% to 8.6% from 1997 to 2015. One interpretation of the low green patent share in the late 1990s is that incentives for green technology invention were lacking because such intellectual property right were considered less profitable than other patents, such as those on electric products and medicine, during a period of rapid economic growth . Research and development strategies depend on the corporate financial performance, and patent publications are associated with the cost of applying for patents, the running costs of experimental materials, and the costs of the salaries of researchers. Thus, companies experiencing financial difficulties, especially due to the Asian financial crisis in 1997, decided to allocate their research and development resources toward profitable intellectual property rights in the short term to reduce their bankruptcy risk. <Figure 1 about here> Notably, the green patent share increased even though GDP growth decreased from 2007 to 2015. One interpretation of these different trends is that the social and market demands for environmental conservation increased due to worsening environmental problems, such as water and air pollution (Huang et.al., 2017; Fujii and Managi, 2017) . The market demand for environmental protection increased the incentive for research and development activities focused on green technology because the expected profit from green patent inventions increased. In response to the market and social demands for environmental protection, the Chinese government enforced environmental policies and developed subsidies to promote green technology inventions. Table 1 summarizes the Chinese policies related to environmental protection in each five-year plan.
Pollution control requirements due to emission standards were established in the 9 th and 10 th five-year plans.
Additionally, several policies related to energy conservation and cleaner production were enforced. In the period of the 11 th five-year plan, which focused on creating a "harmonious society", the diffusion of renewable energy and a circular economy were promoted by the Chinese government to achieve sustainable development. Furthermore, an environmental information disclosure system was implemented in this period to make companies more environmentally friendly through stock market mechanisms (Fujii et al., 2011) .
In 12 th five-year plan period, the Chinese government strongly promoted pollution control to improve air and water pollution problems. Specifically, the Chinese government allotted 9.4 trillion yuan (1.37 trillion U.S.$) to fight water and air pollution (Chinadaily, 2015) . These policy trends are reflected in the increasing number of green patent publications. As shown in Figure 1 , the number of patent publications for waste management, including pollution control technologies, increased in the 12 th five-year plan period. <Table 1 about here> During the 11 th and 12 th five-year plan periods, the Chinese economy slowly transitioned toward a harmonized economy. This study seeks to determine how research and development activities for green technology were different between the rapid economic development period (i.e., 9 th and 10 th five-year plans) and the gradual economic development period (i.e., 11 th and 12 th five-year plans). To address this research question, this study attempts to clarify the determinants of Chinese green patents from 1996 to 2015, with a focus on the differences in green technology development priorities in each five-year plan period. Figure 2 shows the research framework of this study. Factor decomposition analysis is applied to evaluate the key drivers of changes in green patent publications.
To define green technology, this study applies the definition introduced by the Organization for Economic Co-operation and development (OECD, 2009). To consider the characteristics of each green technology, we divided the data into four green patent groups based on the WIPO scheme: (1) alternative energy production, (2) energy conservation, (3) waste management, and (4) other green technology. A detailed explanation of this scheme is provided in section 3. <Figure 2 about here>
Methodology

2-1. Patent decomposition analysis
We apply a decomposition analysis framework to clarify the influential factors associated with green patent publications. We use the following five indicators to decompose green patent inventions: the priority of a specific green technology (PRIORITY), the importance of green technology among all patent publications (GREEN), the efficiency of patent invention relative to R&D expenditure (EFFICIENCY), the share of R&D expenditure relative to the GDP (R&DSHARE), and the scale of economic activity (SCALE).
We define the PRIORITY indicator as the number of specific green patent publications divided by the total number of green patent publications, thus providing the share of specific green patent publications among all green patents. This indicator increases if the number of specific green patent publications increases more quickly than the total number of green patent publications, which indicates that inventors are concentrating their research resources on specific types of green technology inventions.
Similarly, the GREEN indicator is defined as the total number of green patent publications divided by the total number of patent publications, which indicates the share of total green patents out of all patents.
This indicator increases if the number of total green patent publications increases more quickly than the number of total patent publications, which indicates that inventors are concentrating their research resources on specific green technology inventions.
EFFICIENCY indicates the efficiency of patent publication based on R&D expenditures. During the R&D process, expenditures are considered the input, and the number of patents is treated as the output. Thus, the number of patents produced by R&D expenditures reflects the efficiency of expenditures. This study tries to capture the efficiency of R&D expenditures using the EFFICIENCY indicator.
Next, the R&DSHARE indicator is defined as the R&D expenditure divided by the GDP, thus providing the ratio of R&D expenditure relative to the GDP. This indicator increases if the R&D expenditure increases more quickly than the Chinese GDP, which indicates that the government and companies are concentrating their economic resources on R&D activities.
Finally, the SCALE indicator is defined as the GDP and thus represents the scale of national economic activity. Generally, economic activity is related to R&D activity. For example, R&D expenditures declined after the financial crisis caused by the collapse of Lehman Brothers . In this crisis, companies facing serious financial difficulties decided to scale down their R&D activities to decrease their bankruptcy risk. This scale down of R&D activities caused a decrease in the number of new patents publication, including those related to green patent technologies. Therefore, the scale of economic activity is an important factor for understanding why the number of green patent publications has changed.
Here, we introduce a decomposition approach using the pollution abatement technology group as a specific type of green patent publication ( Table 1 ). The number of waste management technology patent publications (WASTE) is decomposed using the total number of green patents publication (PATENTGREEN), total number of patents publication (TOTAL), R&D expenditure (R&D), and economic activity (GDP), as shown in equation (1).
We consider the change in waste management technology patent publications from year t (WASTE   t   ) to year t+1 (WASTE t+1 ). Using equation (1), the change in waste management technology patent publications can be represented as follows.
We can transform equation (2) into a natural logarithmic function and thus obtain equation (3).
Multiplying both sides of equation (3) 
Data
We used patent publication data from the PATENTSCOPE database, which is provided by the World Intellectual Property Organization (WIPO). The PATENTSCOPE database provides information for more than 56 million patents. We specified green patents based on the green inventory patent classification scheme published by the WIPO (Table 2) . We collected the patent-publication data on 7 February 2017 from the PATENTSCOPE database. As explained in Table 2 , this study focuses on four green technology types: (1) waste management (WASTE), (2) alternative energy production (RENEWABLE), (3) the ratio change of the PRIORITY indicator in each five-year plan. We introduce this value based on the waste management technology in the 9 th five-year plan period. In this case, the ratio of change can be calculated as "the change in the PRIORITY indicator related to waste management from 1996 to 2000 divided by the number of patent publications related to waste management in 1996". Thus, the ratio represents how the PRIORITY indicator contributes to changes in specific green patent publications relative to those in the baseline year (first year of each five-year plan). Figure 4 shows the change in the PRIORITY indicator for four specific green patent publications in China. As shown in Figure 4 , the ratio of change of the PRIORITY indicator exhibited different trends among the five-year plans. For the 9 th five-year plan, the PRIORITY indicators of waste management, renewable energy, and energy conservation technology contributed to increases in the number of patent publications.
One interpretation of these results is that the market demand for these three technologies increased. In this period, an energy conservation law was enforced to promote technological development and diffusion for energy efficiency improvements. Additionally, emissions standard policies were implemented to reduce pollutant emissions from industrial sectors. Thus, industrial companies implemented energy conservation and waste management technologies to comply with environmental laws, which increased the incentive to develop technologies related to energy conservation and pollution control.
Another important point is that many developed countries tried to establish renewable energy systems and achieve the carbon reduction target of the Kyoto protocol adopted in 1997. This international policy provided a strong incentive for Chinese companies to develop renewable energy technology and increase their international market competitiveness in the renewable energy market.
In the period of the 10 th five-year plan, the ratio of change was larger than that in the 9 th five-year plan period. Additionally, the PRIORITY indicator of waste management contributed to a decrease in patent publications. This is an unexpected result because the PRIORITY indicator is significantly positive in the 9 th five-year period, and several emission standards were also enforced in the 10 th five-year plan period. As shown in Figure 4 , the priority of research and development shifted from waste management to energy conservation in this period. One potential influence on these results was that of the energy price, which dramatically increased in the 2000s (Burke and Liao, 2015) . This rapid energy price increase provided a strong incentive for technological development for energy conservation.
Next, we discuss the ratio of change of the PRIORITY indicator in the period of gradual economic development. In the period of the 11 th five-year plan, the ratio of change of the PRIORITY indicator was very low compared with those in the other five-year periods. This result implies that the research and development strategies for all the green technologies were similar in the period of the 11 th five-year plan. It should be noted that the share of green patent publications in total patent publications increased in this period (see Figure 3) .
Thus, environmental policies in China promoted the research and development of overall green technology in the 11 th five-year plan period.
In the period of the 12 th five-year plan, the ratio of change of the PRIORITY indicator related to waste management and other green technology contributed to an increase patent publications. Notably, other green technology includes general green vehicles, which can greatly reduced air pollution from the transportation sector. One interpretation of these results is that serious air pollution exists in urban areas in China. Serious urban air pollution affects human health, and people complain about urban air quality (Huang et al., 2017 ).
In the 12 th five-year plan, people in urban areas achieved economic development and became health conscious. In this context, the government promoted research and development activities involving air pollutant abatement technologies in the industrial sector and exhaust emission controls for automobiles. In addition to air pollutant problems, the Chinese government allocated a large budget for water quality improvements (Fujii and Managi, 2017) . These allocations increased the incentive to develop water pollution abatement technologies for future environmental markets based on expanded governmental budgets.
Another important finding is that the ratio of change of the PRIORITY indicator related to renewable energy technology decreased in the 12 th five-year plan period. This result can be explained by the status of the international renewable energy market. Many countries established a feed-in tariff as a subsidy to diffuse renewable energy systems, especially solar photovoltaics. Moreover, the subsidy system failed in several countries (e.g., the feed-in tariff policy in Spain), and the international market demand shrunk (Ibarloza et al., 2018) . As a result, the excess stock of solar photovoltaic products increased and the product price decreased, which decreased the profit margin. In this scenario, the incentive for the technological development of solar photovoltaic technologies decreased in the period of the 12 th five-year plan in China. <Figure 4 about here>
Conclusion
This study investigated the factors that contributed to green patent publications change in China from 1996
to 2015 using decomposition analysis. We focused on four green technologies: waste management, alternative energy technology, energy conservation, and other green technologies. The key results are summarized as follows.
First, the number of patent applications related to green patent publications increased due to increases in the efficiency of the patent invention process, the importance of green technology, the proportion of research and development expenditure in the GDP, and the scale expansion of economic activities.
Second, the number of green patent publications related to waste management and other green technologies increased due to the research prioritization in the 12 th five-year period and the relative priority decline in renewable technology. This finding implies that the relative priority of green technology development shifted from renewable energy to waste management and other green technology.
Finally, we observed that the priority changes in green technology invention were diverse among the fiveyear plans. The differences in green technology characteristics are useful for understanding domestic and international market demands and high priority technology types and for developing strategies to achieve green growth in China.
Implications for emerging countries is identified through this study. From the above findings, we can better understand the research priority of sustainable green technological invention in China. Changes in research priorities are key factors in enhancing private companies to promote new technology inventions.
Governments in emerging countries design their policies and subsidies to enhance private companies to invent sustainable green technologies to achieve the balance between environmental conservation and economic development. Meanwhile, emerging countries need to spend a lot of budget for infrastructure building and human resource development, and available budget for research and development is limited. To evaluate the cost-effectiveness of these governmental policies, identification of major driver for technological invention is key information for policy maker. Thus, we believe the proposed decomposition research framework is a useful tool to establish a strategic plan for sustainable technology invention considering both research priority change, efficiency of budget allocation, and scale of research and development activities. Waste management Renewable energy Energy conservation
Other green technology
